In our screening works for novel plant-derived anticancer agents, the methanolic extract of achyranthes roots actually exhibited moderate cytotoxic activity against human hepatoma cells. Most of cytotoxic ingredients in achyranthes roots are saponins.
6,7) So we expected that heat-processed achyranthes roots would exhibit more potent cytotoxic activity than crude achyranthes in the same way just like ginseng. In case of ginseng, steaming the ginseng at high temperature greatly enhances its biological activity by causing hydrolysis of glycosidic bond in ginseng saponins. 8, 9) As expected, cytotoxic activity of heat-processed achyranthes roots was increased and we isolated the component that made the main contribution to enhanced cytotoxicity of heat-processed achyranthes against SK-Hep-1 cells with bioassay-linked HPLC-ELSD (high performance liquid chromatographyevaporative light scattering detector)-96 well system.
In this study, we report the isolation and identification of the representative cytotoxic component from heat-processed achyranthes extract using bioassay-linked HPLC-ELSD96well system and the relationship between the amount of the active component and the steaming temperature in the processing.
MATERIALS AND METHODS

General
1 H-and 13 C-NMR spectra were measured on Joel JNM-GSX 300 spectrometer (300 MHz) and Bruker DPX 400 spectrometer (400 MHz), using TMS as an internal standard. HPLC-ELSD chromatograms were recorded with Hitachi L7100 pump and Sedex 55 ELSD detector (drift tube temp. 60°C, gas pressure 1.8 bar), and the eluent was collected by Gilson FC204 Fraction collector. Absorbance for MTT assay was measured with Molecular Devices Spectra MAX 340 pc. FAB-MS was recorded on a Jeol JMS-AX 505 WA.
Plant Material The dried Achyranthes fauriei roots were purchased at the oriental herb store in Korea, and a voucher specimen (NP-02-037) was deposited at the Herbarium of College of Pharmacy, Seoul National University, Korea. Part of these (100 g) was steamed at 120°C for 3 h (HA). And altering the temperature to 100, 110, 120, and 130°C in turn, we steamed 10 g of powdered achyranthes roots for 3 h, respectively.
Extraction and Preparation Each sample of above plant materials was extracted three times with MeOH at 60°C for 1 h. Following in vacuo evaporation of the solvent, the dried methanol extract was suspended in water and partitioned three times with CH 2 Cl 2 . And then aqueous layer was partitioned three times with BuOH. The combined BuOH phases were taken to dryness through rotary evaporator. With the BuOH extracts of the crude achyranthes (CA) and heatprocessed achyranthes (HA), MTT assay was performed against human hepatoma cell line (SK-HEP-1).
Bioassay-Guided LC-ELSD Fifty microliters of HA (20 mg/ml MeOH) was injected into ODS column (Kanto Mightysil, RP-18, 5 mm, 4.6-250 mm) and eluted with 1% acetic acid in CH 3 CN/1% acetic acid in H 2 O (30/70, 0 min→100/0, 15 min→100/0, 30 min) at the rate of 1 ml/min. Through micro splitter valve, the eluent from the column was introduced to two ways, ELSD and fraction collector in the ratio of 1 : 9, respectively. The eluent collected in a 96 well plate was dried to be tested for cytotoxic activity.
Bioactivity-Guided Fractionation and Isolation Bioassay-linked HPLC-ELSD indicated the peak on the HPLC chromatogram corresponding to the major component which was responsible for the observed cytotoxic activity. On the basis of it, the active component (compound A) was isolated using the following procedure. The BuOH extract of HA was subjected to silica gel column chromatography and eluted using the mobile phase of CHCl 3 /MeOH (50/1→1/1) to give six fractions. The chromatogram of fraction 5 had the peak of the active component. Additional chromatographic separation of active fraction 5 over silica gel with CHCl 3 /MeOH/ H 2 O (16/3/0.1), yielded compound A (2.4 mg) which was cytotoxic against SK-HEP-1 cells. According to extensive NMR and mass spectroscopy experiments and a comparison of the spectral data with those published, 10, 11) the chemical structure of compound A was elucidated as chikusetsusaponin IVa.
Evaluation of Cytotoxic Potential MTT assay was employed to evaluate the cytotoxic potential. Human hepatoma cell line (SK-HEP-1) was used for MTT assay. Cells (1ϫ10 Cisplatin was used as a reference compound with an IC 50 value of 12.7 mg/ml.
RESULTS AND DISCUSSION
MeOH extract of crude (CA) and heat-processed achyranthes roots (HA) was partitioned successively against CH 2 Cl 2 and BuOH. The cytotoxic activity of BuOH-soluble fractions were tested and heat-processed achyranthes roots exhibited more potent cytotoxic activity than crude achyranthes roots (Fig. 2) . Subsequently, the BuOH-soluble fraction of HA was applied to the bioassay-linked HPLC-ELSD process. ELSD was adapted as an HPLC detector in this study for the merits that it is universally applicable and those signals are roughly proportional to amounts of analytes. Figures 3 and 4 display the HPLC-ELSD chromatograms and the cytotoxicity profile of the BuOH extracts of CA (A) and HA (B), respectively. From the activity profile, the retention time of exhibiting strong cytotoxic activity was 8.8 min. The molecular weight of the component corresponding to the peak was 794 using FAB mass spectrometry. In comparison with Figs. 3A and B, the active component was increased definitely in heat-processed achyranthes roots. Therefore, the extract of HA was chromatographed using silica gel to afford a cytotoxic compound. According to extensive NMR and mass spectroscopy experiments and a comparison of the spectral data with those published, 10, 11) the chemical structure of an isolated compound was elucidated as chikusetsusaponin IVa (Fig. 1) , a triterpenoid saponin which was reported to be a cytotoxic saponin previously. 6, 12) IC 50 value of chikusetsusaponin IVa against SK-Hep-1 cells was 18.9 mg/ml and it was comparable to that of cisplatin (IC 50 ϭ12.7 mg/ml).
Additionally, in order to determine the relationship between the amount of the active component and the steaming temperature in the processing, we processed the achyranthes roots altering the steaming temperature to 100, 110, 120, and 130°C, respectively and analyzed each BuOH-soluble fraction using HPLC-ELSD. The HPLC chromatogram patterns were changed as various steaming temperatures were applied and the active compound, chikusetsusaponin IVa, reached its highest amount at 120°C (Fig. 5) . A phenomenon that some bioactivities increase in heatprocessed plants had been observed in our previous research on ginseng, which is caused by hydrolysis of glycosidic bond of ginseng saponins. 8, 9) Therefore, it is considered that A. fauriei roots undergo the reaction in the similar way by heatprocessing. Therefore, it can be inferred that chikusetsusaponin IVa was generated additionally from several triterpenoid saponins of A. fauriei roots such as achyranthosides A, B, C, and D 13) which might undergo hydrolysis by heatprocessing and it enhanced the cytotoxic activity of A. fauriei roots. Further study on changes of other components of A. fauriei roots by heat-processing is in progress.
In conclusion, the active compound could be identified from plant extracts more simply and rapidly using bioassayguided HPLC-ELSD system equipped with fraction collector than traditionally existing activity-guided isolation methods. Also, this study suggests that heat-processing can be applied as a method for obtaining active compounds from natural products with high yield. 
